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(54) DISTANCE MEASURING INSTRUMENT 
(57)Abstract: 

PURPOSE: To make it possible to measure the distance 
between a car and the preceeding car and own vehicle 
accurately and simply by providing a distance block chart 
extracting part and the like for forming measured 
distance information as the distance block chart. 
CONSTITUTION: The image of the preceeding car 16, 
which is formed by a lens 1 , is converted into image 
signals 301 -30m by optical sensor arrays 31 -3m of a 
photodetector 3. By the same way, the image, which is 
formed by a lens 2, is converted into image signals 401- 
40m by optical sensor arrays 41 -4m of a photodetector 
4. In a distance block chart extracting part 7, measured 
distance information is generated as a block chart 
comprising mxn blocks. In a distance selecting part 8, 
the distribution of distance frequency is extracted, and the distance grade value is detected. In 
a moving average processing part 9, moving average processing is performed in the mxn 
distance blocks by i*j distance blocks based on the distance grade value, and the average 
value of the distance and the standard deviation at each moving average position are 
obtained. In a preceeding-vehicle recognizing part 10, it is judged that there is the preceeding 
car 16 at that distance when the standard deviation/distance average value is the specified 
value or less. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application] this invention relates the distance between two cars with a 
precedence vehicle to stability and the distance-between-two-cars measuring device for 
which it can ask correctly and easily using the electric eye which has a photosensor array, 
concerning the distance measuring equipment which measures the distance to the object 
to precede. 
[0002] 

[Description of the Prior Art] As a conventional distance-between-two-cars measuring 
device, the image by which image formation was carried out with two optical system on 
either side is compared electrically, and what ranges by triangulation is known. Drawing 
11 is drawing showing this kind of conventional distance-between-two-cars measuring 
device. In drawing 1 1 , the image formation lenses 1 and 2 separate the optical-axis 
interval B, and are arranged. The photosensor arrays 3 A and 4A are for example, CCD 
linear sensor arrays, and are arranged to the image formation lenses 1 and 2 in the 
position of a focal distance f, respectively. These photosensor arrays 3A and 4A change 
into picture signals 30 A and 40 A the image of object 16A by which image formation was 
respectively carried out with the image formation lenses 1 and 2, and output it to the 
signal-processing section 5. 

[0003] The signal-processing section 5 consists of amplifier 51 and 52, A/D converters 
53 and 54, and storage 55. The picture signals 30 A and 40A from the photosensor arrays 
3 A and 4A are amplified by amplifier 5 1 and 52, are changed into digital data by A/D 
converters 53 and 54, and are outputted to storage 55 as image data 31 A and 41 A. 
[0004] The distance detector 6 prepared in the output side of the signal-processing 
section 5 is constituted by the microcomputer, it computes the distance to object 16A by 
comparing the image data 3 1 A and 41 A of the right and left memorized by storage 55, 
and outputs it outside as a distance signal 1 1 . 

[0005] Next, the principle of distance calculation is explained using drawing 12 . By 
making the middle point of each image formation lenses 1 and 2 into Zero O, a horizontal 
axis X and a vertical axis Y are set up, and the coordinate of the image formation 
positions LI and Rl is set to (aRl+B/2, -f) 9 respectively (-aLl-B/2, -f). Here, aLl and 
aRl are the distance on photosensor array 3A and 4A so that it may illustrate. 
[0006] the coordinate of the central point OL of the image formation lens 1 - the 
coordinate of the central point OR of -B/0, and the image formation lens 2 - B/0 - it is - 
the coordinate of the point M of object 16A - then (x y), [ (2, 0) ] [ (2, 0) ] The 



coordinates of the position RO of the perpendicular which took down the coordinate of 
the position LO of the perpendicular which took down the coordinate of the intersection N 
of the perpendicular and the X-axis which were taken down from Point M to the X-axis 
to (x 5 0) 5 and photosensor array 3 from Point OL A from (-B/2, -f), and Point OR to 
photosensor array 4 A are (B/2, -f). Since deltaMOLN, deltaOLL 1L0 and deltaMORN, 
and deltaORR one RO are similarities, respectively at this time, a formula 1 and a formula 
2 are realized. 
[0007] 
[Equation 1] 

(x+B/2) f=(2-B [ aLl+B / ]/2) y [0008] 
[Equation 2] 

(-x+B/2) f=(2-B [ aRl+B / ]/2) y [0009] A formula 3 can be obtained from a formula 1 
and a formula 2. If this formula 3 shows the distance aLl and aRl about the image 
formation positions LI and Rl, the distance y to object 16A is computable. 
[0010] 

[Equation 3] y=B-f/(aRl+aLl) 

[001 1] Next, the detail of operation of the distance detector 6 is explained. Like [ if the 
distance detector 6 compares image data 3 AL of right and left as shown in the solid line 
of drawing 13 , and 4AR about the portion of the ranging range 23 (refer to drawing 14 ) 
set up separately and an image is not in agreement ] the dashed line of this drawing, left 
image data 3 AL is shifted to the right, right image data 4AR is shifted to the left one by 
one, and a shift amount when image data on either side are in agreement is detected. 
Since the distance aLl and aRl about the image formation positions LI and Rl on either 
side mentioned above is in agreement with this shift amount, the distance detector 6 
computes the distance y from shift amounts aLl and aRl to object 16A with the 
aforementioned formula 3. 

[0012] Drawing 14 is the ** type view showing the picture at the normal time in 
distance-between-two-cars detection with the precedence vehicle 16. In this drawing, the 
ranging range 23 is set up in the measurement visual field 22, and the distance over the 
object 16, i.e., the precedence vehicle, within the ranging range 23 is detected as the 
distance between two cars based on the principle of the above-mentioned distance 
detection. 
[0013] 

[Problem(s) to be Solved by the Invention] Following un-arranging may happen with 
the conventional technology mentioned above. For example, as shown in drawing 15 , on 
a passage, an indicator, the ****** pattern of a zebra zone, etc. are besides a precedence 
vehicle, and the case where the distance to these pictures that appear in the ranging range 
23 is measured arises frequently. Moreover, the passage side also has many signboards, 
indicators, etc., especially since these can be seen in the center of the visual field of a 
sensor when the passage curves, it is easy to take for a precedence vehicle. 
[0014] Thus, the reliability as a distance-between-two-cars measuring device is low in 
that it seems that pictures other than a precedence vehicle are taken for a precedence 
vehicle, as a result the utilization as a safe alarm based on this distance information is 
difficult. Therefore, as a distance-between-two-cars measuring device, while recognizing 
a precedence vehicle correctly, outputting only the exact distance information to this 
precedence vehicle is called for. 



[0015] After extracting and making the edge of image data binary using the shade image 
information of a CCD sensor, there is the object recognition method by the image 
processing of performing field division and performing object recognition to meet this 
demand. However, pretreatment of extraction of the edge by removal of the noise by 
filtering of the shade picture to binary-izing etc., the difference of a picture, etc. takes 
time to such image processings, even though it processes using a high-speed image 
processing system temporarily, the increase in cost of equipment and enlargement are not 
avoided, but utilization is very difficult. 

[0016] The place which it was made for this invention to solve the above-mentioned 
trouble, and is made into the purpose is to offer stability and the distance measuring 
equipment of a low cost for which it can ask correctly and easily using the electric eye 
which has a photosensor array for the distance to a precedence object like the distance 
between two cars with a precedence vehicle. 
[0017] 

[Means for Solving the Problem and its Function] In the 1st invention according to 
claim 1, it is created in the distance block diagram extraction section as a distance block 
diagram which the measurement distance information on two or more points to the 
precedence object like a precedence vehicle becomes from the block of an mxn 
individual. In the distance selection section, distance frequency distribution are extracted 
from this measurement distance information on two or more points, and a distance class 
mark with the frequency value beyond a predetermined value is detected. 
[0018] In the moving-average processing section, by the distance block of a ixj individual 
based on the detected distance class mark, moving-average processing is performed 
within the distance block of an mxn individual, and the distance average in each moving- 
average position, standard deviation, standard deviation / distance average is calculated. 
In the precedence object recognition section, when standard deviation / distance average 
is below predetermined values, it is judged that a precedence object is in the distance 
expressed by the distance average in the moving-average position. 
[0019] In the 2nd invention according to claim 2, the main part of distance measuring 
equipment is rocked, and the optical-axis line for range measurement takes the direction 
of a radial. Moreover, in the 3rd invention according to claim 3, a reflective mirror is 
rocked and incidence of the light from a radial is carried out to the main part of distance 
measuring equipment. A measurement visual field can be extended without lengthening a 
photosensor array or making the number increase by this, and it becomes possible to 
catch a precedence object certainly. 

[0020] In addition, in each above-mentioned invention, as indicated to the claim 4, the 
distance information on two or more points of ranging within the limits is detected by 
measuring distance on two or more points of the longitudinal direction of the photosensor 
array to which the measurement window was set. 

[0021] Moreover, as indicated to the claim 5, the distance class mark of only a 
precedence object is detected by determining the predetermined frequency value in the 
distance selection section by the mark of the measurement data which is a value 
according to each distance class, and is measured as a distance to a precedence object in 
each distance. 

[0022] Furthermore, as indicated to the claim 6, the distance information only on a 
precedence object and positional information are detected by determining the size of the 



distance block with the measurement distance information on the mxn individual in the 
moving-average processing section with the size of the distance block which is a value 
according to the distance chosen by the distance selection section, and is measured as a 
distance to a precedence object in each distance. 
[0023] 

[Example] Hereafter, the example at the time of applying this invention to a distance- 
between-two-cars measuring device is explained along drawing. First, drawing 1 shows 
the composition of an example and is running the lane as the self-vehicles which are not 
illustrated with the same precedence vehicle 16 as a precedence object which should 
measure the distance between two cars. 

[0024] The image formation lenses 1 and 2 separate the optical-axis interval B, and are 
arranged, and electric eyes 3 and 4 are arranged in the position of a focal distance f (not 
shown for convenience). Similarly, an electric eye 3 consists of m photosensor arrays 31 - 
3m arranged in parallel in a perpendicular flat surface to the optical axis, and an electric 
eye 4 consists of m photosensor arrays 41 -4m arranged in parallel in a perpendicular flat 
surface to the optical axis, and it is installed so that it may have the visual field as 3 1 , 41 , 
3i, and 4i and 3m that 4m is the same. 

[0025] The image of the object by which image formation was carried out with the image 
formation lens 1 is changed into picture signals 301-30m by the photosensor arrays 31- 
3m of an electric eye 3, and the image of the object by which image formation was 
similarly carried out with the image formation lens 2 is changed into picture signals 401- 
40m by the photosensor arrays 41 -4m of an electric eye 4, and is outputted to the signal- 
processing section 5, respectively. 

[0026] The signal-processing section 5 consists of Amplifier 51 1-51 m and 521 -52m, A/D 
converters 531-53m and 541-54m, and storage 55, and the picture signals 301-30m from 
the photosensor arrays 31 -3m of an electric eye 3 are amplified by Amplifier 51 1-51 m, 
are changed into digital data by A/D converters 531 -53m, and are stored in storage 55 as 
image data 31 1-3 lm. Similarly, the picture signals 401 -40m from the photosensor arrays 
41 -4m of an electric eye 4 are amplified by Amplifier 521 -52m, are changed into digital 
data by A/D converters 541 -54m, and are stored in storage 55 as image data 41 1-41 m. 
[0027] the distance detector 6 is constituted by the microcomputer like the conventional 
technology, and computes the distance to the object of ranging within the limits within 
the measurement visual field of each photosensor arrays 31, 41, 3i, 4i, 3m, and 4m from 
the image data 31 1,41 1, 31 i, 41 i, 31m, and 41m of the right and left memorized by 
storage 55 

[0028] In the distance block diagram extraction section 7, as shown in drawing 5 and 
drawing 6 , address attachment of the ranging range 23 within the measurement visual 
field 22 is carried out as a distance block of an mxn (m : natural number [ which shows 
the number of photosensor arrays of one side ], n: natural number which shows number 
of measurement windows in photosensor array) individual, and distance block drawing 
24 which collected the measurement distance information in each block is created. This 
distance block diagram can be called meeting of the ranging data of an mxn individual. 
[0029] Here, photosensor array several m explains as an example the case where 
measurement window several n of 7 and a photosensor array longitudinal direction is 12, 
by drawing 5 and drawing 6 . In these drawings, a photosensor array is set to A1-A7 at 
the order of an upper shell of the ranging range 23, point of measurement of a 



photosensor array longitudinal direction is set to W1-W12 from the left at order, and the 
measurement distance in the point of measurement Wj on the photosensor array Ai is 
expressed with Lij. In the example of illustration, distance block drawing 24 like drawing 
6 is extracted possible [ the distance detection of 7x12 points within the measurement 
visual field 22 ] consequently. 

[0030] Here, the ranging principle of two or more points of a photosensor array 
longitudinal direction is explained using drawing 7 . the composition of the distance 
measuring equipment in this case is completely the same as that of drawing 1 1 which 
made the conventional technology and was shown, and it differs that each sensor array is 
divided to two or more fields (measurement window) In addition, in drawing 7 , the case 
where a photosensor array is divided by three field **, **, and ** is illustrated. Distance 
LI, L2, and L3 shall be separated in three directions of a center line where the objects 
01, 02, and 03 of range measurement were shown with the alternate long and short dash 
line of distance measuring equipment, i.e., the direction, and the angle alpha direction of 
the both sides, respectively, and it shall be located in them. Three field ** of each 
photosensor arrays 3 and 4, **, and ** correspond to objects 01, 02, and 03, 
respectively. 

[003 1] In other words, it is related with the objects 02 and 03 which exist in the 
direction of a center line, and the right-hand side angle alpha direction, respectively that 
carrying out image formation to field ** of each photosensor arrays 3 and 4 
simultaneously carries out image formation to field ** and ** simultaneously similarly 
about the object 01 which exists in the angle alpha direction on the left-hand side of a 
center line. And the distance LI, L2, and L3 to each objects 01, 02, and 03 is expressed 
by the following formula 4 - the formula 6. In addition, each distance B, f, U 1 1 , U 1 2, 
U13, U21, U22, and U23 in these formulas is as being shown in drawing 7 . 
[0032] 

[Equation 4] Ll=B.f/(U21-Ul 1) 
[0033] 

[Equation 5] L2=B.f/(U22+U12) 
[0034] 

[Equation 6] L3=B.f/(U13-U23) 

[0035] Since each shift amount (U21, Ul 1, U22, U12, U13, U23) is calculated by the 
distance detector 6 based on the image data of each photosensor arrays 3 and 4, each 
distance LI, L2, and L3 can be found with a formula 4 - a formula 6. 
[0036] Thus, the distance signal 12 from the obtained distance block diagram extraction 
section 7 is outputted to the distance selection section 8 in drawing 1 . In the distance 
selection section 8, the distance frequency distribution of the distance signal 12 are taken, 
only the distance to [ out of the distance signal 12 ] the precedence vehicle 16 is chosen, 
and it outputs to the moving-average processing section 9 as a distance signal 13. 
[0037] Next, the principle of operation of the distance selection section 8 is explained, 
referring to drawing 8 . In drawing 8 , the distance class K which has class width-of-face 
deltaL in a horizontal axis is formed, and a vertical axis shows the frequency value Y 
belonging to each class. Thus, the distance signal 12 is classified. Here, as shown in 
drawing 9 , the size which the precedence vehicle 16 within the ranging range 23 
occupies changes with distance between two cars to the precedence vehicle 16, therefore 
the mark of the measurement data considered to have measured the distance to the 



precedence vehicle 16 also change with distance between two cars. 
[0038] Generally, if the distance between two cars increases n times, the size which the 
precedence vehicle 16 within measuring range occupies will be set to 2 from a similar 
relation (1/n). That is, it is surmised easily that it also becomes the mark 2 (1/n) of the 
measurement data which has measured the distance to the precedence vehicle 16. 
Therefore, it is given by the formula 7, the mark, i.e., the frequency value, of 
measurement data which has measured the distance to the precedence vehicle 16 in a 
certain distance. 
[0039] 

[Equation 7] Y=a/K2 (Y:frequency value, axonstant, K:distance class (distance)) 
[0040] A constant a is decided by the size of precedence vehicle 16 itself, or the 
configuration of distance measuring equipment, and the concrete description about a way 
for which it asks omits it here. A dashed line shows this curve Y to drawing 8 , the 
median L of the distance class K with the frequency value extended to the upper field of 
this curve Y (= (K2+K3)/2) is made into the candidate value of the measurement distance 
to the precedence vehicle 16, and it outputs to the moving-average processing section 9 
as a distance signal 13. 

[0041] In the moving-average processing section 9, moving-average processing is 
performed within the limits of the size of the distance block of 7x12 mentioned above 
based on the distance signal 13, and the moving-average processing result 14 of the 
distance average in each moving-average position, and the standard deviation / distance 
average is transmitted to the precedence vehicle recognition section 1 0 as the precedence 
object recognition section. 

[0042] The operation principle of moving-average processing is explained using drawing 
10 . First, the size of a distance block of ixj (natural number below i:m, natural number 
below j:n) which takes the moving average from the distance signal 13 (the median L of 
distance class) is determined. The size of this distance block is decided by the distance 
between two cars to the precedence vehicle 16 by the distance signal 13, the size of 
precedence vehicle 16 itself, and the configuration of distance measuring equipment, and 
the concrete description about a way for which it asks is omitted here. 
[0043] Below, moving-average processing is explained taking the case of the distance 
block diagram of 7x12 mentioned above. When the size of the distance block which takes 
the moving average here is set to 3x6, the result which took the moving average of 
drawing 10 (a) is expressed with drawing 10 (b) - (d). When Lij is made into the 
measurement distance in the j-th window position on the i-th sensor array, Aij, Sij, and 
Dij in drawing 10 (b), (c), and (d) are expressed with the following formula 8 - a formula 
10. 

[0044] 
[Equation 8] 

i + 2. 

Aij={ , £ (Lij)} / (3X6) =AVG 
i. i 



[0045] 
[Equation 9] 



S i j = 



f i + 2. 

1 + 5 2 

(2 (L i j - AVG) }/ (3X6) 



1/2 



[0046] 

[Equation 10] Dij=Sij/Aij [0047] In addition, in a formula 8, AVG is the distance 
average. For example, in drawing 10 (a), the average of the distance of the slash section 
is the field whose drawing 10 (c) standard deviation / distance average drawing 10 (b) 
and standard deviation are drawing 10 (d) and which is expressed with the slash section, 
respectively. 

[0048] It connects with the moving-average processing section 9. and the precedence 
vehicle recognition section 10 as the precedence object recognition section judges 
whether a front measuring object object is the precedence vehicle 16 based on the 
distance average as a moving-average processing result 14 transmitted from the moving- 
average processing section 9, standard deviation, standard deviation / distance average. 
The value of Dij which sets the upper left of a travel block to Lij is used for this 
judgment, it judges with the precedence vehicle 16 being in the distance between two 
cars expressed by the distance average Aij in the moving-average position in Lij within a 
measurement visual field, in being smaller than the specification value b with this value, 
and the position of the precedence vehicle 16 and the distance between two cars to the 
precedence vehicle 16 are outputted to an external alarm etc. as information 15 on a 
precedence vehicle. 

[0049] The flow chart of the processing in the example mentioned above is shown in 
drawing 2 . That is, the distance detector 6 computes the measurement distance 
information on an mxn individual using the data in the storage 55 of the signal-processing 
section 5 (SI), and the distance block diagram extraction section 7 creates a distance 
block diagram based on this (S2). Then, the distance selection section 8 takes distance 
frequency distribution (S3), and extracts the median L of the distance class K (S4). 
[0050] The moving-average processing section 9 determines size ixj of the distance block 
which takes the moving average based on the above-mentioned median L (S5), and asks 
for the moving average of the area of mxn by the area of this ixj (S6). Next, the distance 
average in each moving-average position, standard deviation, standard deviation / 
distance average is computed, and these are transmitted to the precedence vehicle 
recognition section 10 (S7). 

[0051] In the precedence vehicle recognition section 10, when standard deviation / 
distance average is compared with the specification value b (S8), consequently it is 
judged as those with a precedence vehicle (S91), the position of a precedence vehicle and 
the distance average are outputted for a moving-average position as the distance between 
two cars to a precedence vehicle (S10). Moreover, when it is judged that he has no 
precedence vehicle (S92), processing is ended as it is. 

[0052] By the way, in order to make the above-mentioned example realize, and to catch 
the precedence vehicle 16 certainly, it is desirable for a measurement visual field to be 
large as much as possible. For this reason, although it is possible to arrange many of 
couples [ two or more ] of the photosensor array which makes a photosensor array long to 
a longitudinal direction, by such method, dotage of an image becomes large by the 
aberration of an image formation lens by part for the edge of an electric eye to which 
equipment becomes large, and there is a trouble that processing circuits where a property 



deteriorates, such as amplifier and an A/D converter, become complicated. 
[0053] Therefore, in the example of invention indicated to the claim 2, as shown in 
drawing 3 , the main part 100 of distance measuring equipment is considered as the 
composition made to rock so that the optical-axis line may take the direction of a radial. 
In drawing 3 , it connected with the motor 17 for distance-measuring-equipment rocking, 
and the signal-processing section 5, and the control circuit section 18 has transmitted 
control signals 19 and 20 to a motor 17 and the signal-processing section 5. The motor 17 
is mechanically connected with the measuring device main part 100, and the measuring 
device main part 100 is made to rock so that an optical-axis line may be taken in the 
direction of a radial based on a control signal 19. 

[0054] Moreover, in the example of invention indicated to the claim 3 ; it is considering as 
the composition which has the measuring device main part 100 fixed in distance 
measuring equipment as shown in drawing 4 , and the reflective mirror 21 rocked that 
incidence of the light from a radial should be carried out to this measuring device main 
part 100. It connects with the motor 17 for a reflective mirror drive, and the signal- 
processing section 5, and the control circuit section 18 is outputting control signals 19 
and 20 to a motor 17 and the signal-processing section 5. The motor 17 is mechanically 
connected to the reflective mirror 21, and the reflective mirror 21 is made to rock so that 
incidence of the light from a radial may be carried out to the measuring device main part 
100 based on a control signal 19. According to the example of these drawing 3 or 
drawing 4 , a measurement visual field can be extended and the precedence vehicle 16 
can be caught certainly. 

[0055] In addition, although this invention is directly made for the purpose of 
measurement of the distance between two cars with a precedence vehicle (orbital 
vehicles, such as an automobile and a rail car, are included), it can apply the principle 
itself to the various fields which measure the distance between various kinds of 
precedence objects other than vehicles, and a sensor widely, and this invention also 
includes such distance measuring equipment. 
[0056] 

[Effect of the Invention] As mentioned above, in this invention, the distance information 
on two or more points is computed by the distance detector, and these are stored as a 
distance block diagram. Next, the measurement distance considered to be the distance to 
a precedence object by the distance selection section is chosen, the judgment of whether 
to be the precedence object which an object makes the purpose by moving-average 
processing of a distance block is performed, and the distance between precedence objects 
is found. 

[0057] Even when it follows, for example, the pattern of a zebra zone etc. is on a passage 
or the indicator of the passage side etc. appears in the center of the visual field of a sensor 
near a curve in detection of the distance between two cars, it is possible not to take these 
as a precedence vehicle, to recognize only a precedence vehicle certainly, and to find the 
distance between two cars with self- vehicles. Moreover, the high-speed image processing 
system for performing a shade image processing etc. becomes unnecessary, and cost 
reduction of equipment and improvement in reliability can be aimed at. Furthermore, a 
latus measurement visual field and the ranging range are acquired by rocking of the main 
part of distance measuring equipment, or rocking of a reflective mirror, without 
complicating a processing circuit, and a precedence object can be recognized stably and 



certainly by it. 
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M3A. 4A*^c7)fiMI^3 0A, 40AU;it«I3g5 

1, 5 2fci>)it§1a3*n:A/D3aaH5 3. 54fc<k 
Or-<^^-^fc^i$it. if-^3 1A, 4 1 

a t tx^mm. 5 5 tzitijiztiz . 
[0004] m*mm&5<r)tiij}mizwLvt>tit:Emi 
tammii. -7^9uny\^^-^\z^mmtix^ 
<o » wssssm 5 5 tffi«3ft*:££<DifeT-* 3 1 a , 
4 1 AztmLxnmm eAtxnvmzMftL. & 
mm 1 1 k ixnatzgnTts. 
[ 0 0 0 5 ] act. ffia^aiwjia^a 1 2 Ji^tn 

«3WS. StftH'VXl. 2K><P&£WL&OkLXim 
x. 8f»Y£ibgU ttftffiSLi. RiOJS&£*;h.-e 
*l (-aLi-B/2. -f). (aRi+B/2. -f)fc 

N3A, 4A±tf>El8teS>&. 

[0006] imvyx 1 co+'Qv&OLOffigti ( - b 

/2, 0) , te«^>X2C0+^OR<0Sg{i ( B/ 

2, 0) *t^!Bjl6A<0^iM<7)gai^ (x, 
y) k-ttlii. &Mfrt> X W^T^> L^SS kxmk<?> 
^Ncoge^li (x, 0) , ^OL*^3fc-tyi?-rw-f 

3 AfcT-6 LfcSMlWfiLSLo^Sti ( - B/2 , - 

f ) , gkOifrtiy&iyVTVJ 4 A{z-Y*>LlzmWi<n 
ffigRoOSSli (B/2, -f JTAS. ClcOi:^. 
AMOiNt AOlLi Lo, AMOrN k AOrRi RoJi-f 

[0007] 
[81] 

(x + B/2) f = (au + B/2-B/2) y 

[0008] 

[&2] 

(-x + B/2) f = (a R i + B/2-B/2) y 
[0009] S^l. Sd*2*^S^3S:^C:i:*5-C 
Z<7)&£3iZ±L JgfilfigLi. RifcBJtSffi 

Jian, atitfhirtllf. mmi 6A£T0)&&y$: 

%&fhZktfX'$i>. 



3 

[00 10] 

[S3] y = B • f / (aRi + an) 

£t0Sf-^3AL, 4ARJ> ^MtfcSlL/dfflSgSl 
H2 3 (@14#Bg) oai^tco^TltRL. 
L&frttUf. P»tf^«J:d(30«£»f£O«T--?3 

^h. m&L1tlEti<7>&®.tmLi . RifclttSSEfila 
Li, aRi«^c0v7httK-SttS<0-C, ffiJB&aJEIK 
6145/7 Mian, aRi*>&. *t£«Jl 6 A£-?tf)gB8 
ySrwiea^3tJ:0®ai-tS. 
[00 12] 014«. 9tfy&16b<r)&msm&& 

x. m%m2 2?yz$mm2 3t:mfcL. wmm 

[00 13] 

mftims&b'm'). mmm2 3^izmhtnzti 

mm&izhmm. wgmm<. mizw&v*-? 
Lx^&£o%t$&\tzn^tf*>V(?>imco*&izM. 

[0014] d izttmw<ommtti!$.km 
ulxiz? idx-b&k. mg&magamt lx<d 
mmm<&< . u^xiiz<wmmzmizi,t:&£& 
mmtLx<?mm{mmL\.\ m->x. mssmmg. 

MiX'cojm^mm^ttiiJi-i z twmbti 

[0015] £4>K£lcj6*.**<, ccD-ty^coii 
$B«ffifB£JBV\ 5/*tt!BLT2« 

[0016] ^9RU£RHUL»lfft-t»^< £3*1 

^tco-c. tomb-rib zm. j&jmttmm 

W)£ 0 izMf^mitXffitmt:. 3frfcV*7M £ 
b OEKH&atettfiM-t i k izi> 

h. 

[00 17] 
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m X nfflW7*D y ? A»&3r*H3Bl7*n y ?0k LTffcS 

[0018] wm%)wm?\i. wfetasamm. 
10 (rm&7u y?m^®¥v&m*ft&\ #mmi 

^x&mmzx vmixhmL\,zffimm»tf*>h 
timtt. 

[0019] mm2im<7)m2<7)mT&. mm%. 
mm*iwm2ixxmmm<vmm t mw>[pi 

20 flcfcAltSfi*. ^fifc.J:'). attorn **<L 
[0020] JJEMHKHfcJSi^T . fS*JB4 fcfB 

[0021] M#I5C£ttUi.l:dfc. iE8£g 
[0022] 5Efc> fB*JH6CS»Ut J: o ^S6T 

D»^*^t, ffijs^ast x imnztifzimiz 
tott^faxttt&mHWkt'vrtmk tx 

mfczti&vmravrcttzzizx^xvifet&zb 

[0023] 

mizmiLtim&cr ) $mmmwti>. ^-r. hi ins 
ffmmb lxcomjMi 6*^ H^$iiTv^^im 
[oo24iimvyxi. 2uxMnnB«Rrc-rs 

■f ) OftSfcESSixS. S3l68§3fi. aBWOtLT* 

l~3ma»Mr9. H«fc:S3tS§4{i. JKftltWLTS 
50 B^TOrt liZ^£^2iVfcm*(?>%±>VTl>4 4 



(4) 

5 

l-4m;K>&9. 31fc41. 3ifc4i. 3mt4 

mtfm-rtmi nth «t a icaaraft-o* . 
[0025] &m\/>xi£i>)imzto:*tmim. 

it. ^msmX-VVTV* 3 l~3mfcj:0«<i^ 
3 01~3 0mfc£8IS;Ju PWfett*wyX2lcJ:9 
*6«3*l*:*«fc!HJ<0ffttt. §56S4<0^-fe^9"TW>r4 
1 ~4 m(C«t *)mm^4 01-40 mfcSS&SiX. **l 

[00 26] fI^*&ggfS5J2t|Nitg5 1 1-51 mat/ 
521~52m. A/D$t83s5 3 l~5 3m&tf54 10 
l~54m. IE«SSS 5 5*^^0. gstSffSCOft-fc^ 
•r7*W 3 1— 3mA>£>?>&{|^3 0 1 ~3 OmJiiUS 
3§51 l~5 1mfc:J:9il«@$*U A/D^g5 3 1 
-5 3 met 5^A^-*fc3E»S*tt«T-* 

3 1 l-31mfcL-tf2<g§£S5 5fc:te*<l3*l£. 

fc. £3feSS4c%fc-fcyi>-7W 4 l~4mA><?><?)|R^ 

4 0 1 ~4 0 m«Ji*iS5 2 1 ~5 2m{Cj: 0«<S$ 
*U A/D£&S§54 l~54m£J:9T -f *J9firf— 
?£3mZtlX{gLT-94 1 1-4 1 mfc LXattBSm 

5 5iZffl&tl&. 20 

[0027] Efg&tBuissett. m&mbmmtz^ 

?vayt J .-9££~>Xffi!8.2tiXte t ). ftti^g5 

5 tfe^$il^£*«omx- 9 3 11, 4 11. 3 1 
i . 41i. 31m, 4 1 mts>t>&j&zV*rT\s4 3 
1, 4 1. 3i. 4i. 3m, 4 m«fil5£ffi!jf rtTSKE 

[0028] ffiBtyo-y^Httaig87-cj±. ms&xm 

6 fc*cf J: 3 K«l5aB»2 2 rtwS8EKBB2 3 £m x n 
(m : KWrtfb*>+rTV<{mtt&9m. n : 3frfe 
>~9"TU>f rt<0»5£^ -f y H ^St^flrf fflOE 30 
fS^n >y 9 b l/C WtWt L , S-T'o ? 
^»MS#**«>fe!B87 r a»^024S:^jS-f&. Zcr> 

oZbtfX'ZZ. 

[00 2 9] ZZXiA. mt LXR±>*)-TVA®.mtf 

fcwe. aBEKH2 3^±A^Wfc:^>^-Tl''f SrA 
l~A7i:U £*^IBt5t-b>^-rV'>f^*|S]<oai 
5&*i£:Wl-Wl 2fcU ifrfeV-TTW Ai±<^)Sl^ 40 

jiswj tt«t6»aBBtL i jx-mt. mmx-nm 
%m2 mm x i ^(rmmsmm^X'h *) . * 

[0030] ii-c. ^y^rv^m-UH<nmA 
m^mmmmtmmt tx^t^m 1 1 1 * ->tz 

a7-C«i3tb^TW^* J 3'XOS«a), ©. <3>fcEH 50 
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o 2 , o 3 j&q©Ki^M^>-^i»-cs$ii)t3oo^r 

fc. **i«UBILi, Lt. L 3 £BiTTfiE1-S>t>?) 
[0031] »V4*£*Ur. «*k^ri/-f 3.4<0 

mzm®£tti&?&(Dtfzti?ti*fcWjfo. iimm 

g.aoyfi'Hiizb&Mgmoi, 03izm?hi>e>X'f>&. 
*LT. tWHlOi, O2, OsjfcWSBSfLi. Li. 
L3li&<9^4~^6fcJ:om£;h.S. *I 
Ji£?)&^tci><tl>#iE8lB, f . Ull. U12. u 
13. U2 1. U22. V2 3\mHZ7f&bi5*)X-lb 
h. 

[0032] 

[&4] Li=B • f/(U21-Ull) 
[0033] 

[85] L 2 = B • f/ (U2 2 + U1 2) 
[0034] 

[&6] Ls = B • f/ (U13-U2 3) 
[0035] #3frfc^TW 3 , 40ftr-*C£'? 
WC. #y7hi (U2 1. Ull, U22. U12, 
U13. U2 3) JiffiSI«!ailllS&6fc:J:o-C^i6^»iiS 

a*4Ht«6fe:j:->r«raiLi. l 2 , lsS: 

[ 0 0 3 6 ] £ <n i. 5 tz Lxmtvtzmtrv v twm 
imifrhvmmfti 214, HimsHBKS 

8^ai*$tL*. 8ESISS?a58T(i. gESHt-tl 2<0gE 

»bk»«» k 0 . imm 1 2 wHpbttm 1 6 * 

•C«08Bi^?rS^L. ffijSlft^ 1 3 k UgffW 

[ 0 0 3 7 ] <Ktc. SSIjSS?SIJ8WiWJ^i^. 08«r 
#»3tooijiB3^-6. 08ti>V^T. $»lfcPg»lf AL 

S^SffiY Sr^rT. .1 CO J: d t LXVimm^ l 2 Sr^S'J 
•tS. ZZT. S9fc^3itSJ:at:. SfiE^li2 3rt 
fcfcftSittf^ 1 6<7>&*>h±% S«5tff$ 1 6 ^T«0 
Vnntc A oTi^r 0 . «!oT5fefTm 1 6 iTOffiSI 

[0038] HftK. m^ffiSI* 1 n«fc«r* kSI^KH 

( 1/n) -t^r*>t>. *ff»l 6*T<0jES 

Srffl^LTV^a^x-^^^aat, ( l/n ) »fc«r* 

x<nm&mL'Lx^hWL ; f-9<r>mr>* *)mm 

«. S^7tcJ:'9^^fLS. 
[0039] 
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[87]Y=a/K* ( Y : SScflL a : £35L K : 
EHH^IS (&£) ) 

[004 0] ^Sa«5tff$l S^Ottf)*)*^^ 

^mmj^mmz^x^wmr^tt. zm 

SYS:08t:«ES-C*L. ZV)imYcr)±MmX'W 
TV^J^ffl£kOiEgil^KO*3tiffiL (= (K2 + 

K3 ) /2 ) 1 6 1 x'ffmmmmmt 
u vmmi 3 t Lx : m s ?*mm9'\'iAtf)-?h. 
[0041] mwimmsa 9to. mmm^ 1 3 tea 

^wtflfi$U;7x l 2<r)?m?w?<rxkZZ<?>m& 

m. wmm/wimimnmFf-mm^^ 1 4 £ . 
[0042] »»¥i&^^sarias£B 1 0 wc 

*^«P«3£fcS i X J ( i : mJHT*>ifl». j : 



wmm%iw.<r)fflkizi~>xm i hox-h 0 . -^t- 
[0043] fcrrra. i?rs$u: 7 x 1 2<wm?a >y 

t ttmrv v 9<TiX% S 3 x 6 k L£*§£\ 
010 (a) ^B^%£fcofc|g|y±01O <b)~ 
(d)rasni). Li j£i£B<7>-ty?ri-"f±?> 

10 j #ac^ -r y wmwiztiv&m&mt-t& t y 0 

10(b). (c), (d) iZHV&Ai j. Si j, 
D i jttTfB*>8t*8H&fc*l OfcrtSISfiS. 
[0044] 
[&8] 

1 + 2. 

1 +B 

Aij={£ (L i j) } / (3X6) =AVG 

i. J 

[0045] 
[&9] 



S i j = 



■ i +». ' 
( L (Li j -AVG) )/ (3X6) 



1/2 



[0046] 

[fSCl 0] Di j=Si j/Ai j 
[004 7] Srfc, SteSSfcfcwc, AVGtiffiBI^ 

rc*s. sio(a) ttiv^^aa^ffijit 
vyfimwmio (b) . s^jm^io (c) „ m 
mgsvm^mm 10(d) ^<f-*i<ehj»ggirc 
mtihmm-f>i. 30 

[0048] 5feff ^M&Hs^iSSSi: LT03fc*TJf£l2iS& 1 

ohl #ifFs^S59fc&g$*utt>9. mw%m 
wM9fr^Miztuzmi¥*mm?i& 1 4 1 ltoe 
mwm. wmm£. mmmm/vmvtmiz&iz. 

6. C<7)¥iJSt«^S)ffi{5iyo y^^±5-L i j kt 
SDi j <Dfi#fflv*£>*u dtfW&SKlSfibJDi 
/hSv^fctt. a^fiifrtOL i j fc&tttSftW 

fflattj^r. eutoba i j oxsniviHK 

mizMrM 16tf t>Z>bW%U MfM 1 6*>ftgRtf 40 
1 6 iTO$Sffi«l«:5fetTm^S« 1 5 1 bT* 

[0049] ±&Lizmmiizt5\ihym<?)7u-*v 

^EfiH9«5r»ajL (SI). £*U=g*ftvcBII:rn 

■y ^E»aja7jwarro ( s 2 > . 

ffiJSBSRaS8tiESt^tf[j£fc 0 ( S 3 ) . 

mmsLKW'm.'Ltimtth (S4) . 
[0050] mb^wmtt 9«. ±att^fiLts^^5o 



L (S5) . i<OiXj<!DX»jrfcJ:0mXn<WJ7 

rtmwm-stbh ( s 6 > . tfewmr? 
u ztit> &ftn<mw& 1 0 izmmti (S7) . 

[0051] £fr*sa« 1 OTfcL WMS/WF 
%ffii:«18fibfcS:it#L (S8) . -f^Jg*. jfcff* 
* 0 twmt±ti*ii§r& ( S 9 1 ) fc»i«F*§{iM£5fc 

mirth (sio) . MtmrLtwmztvfzM 
% ( s9 2 ) fcj±-e<7)££*!yi£i&Tr&. 

[0052] kvl^r. ±E<7)Htt^ieS$-frSfc: 
It. 9£ftmi6£imtztt>Z-&t:ibizm&^ti<X'Z 

tmijfotzfk<t&. %*>vT]/4<r>-mwn 

th. A/D$m&m(r)mmi> t mgiiz%& 
[00533 n^x. mm2izmLLti^mmm 

TO, 0 3 J; ^ KE&a£i!|g*ft l 0 0 Sr. 
TV^4. H3£*S»T. K»llI»a518JiffiJSIffl^a 
m9, 2 05:^-^1 7 tm^iiPiai 5 fci*(iLTV» 

s„ ^-^ 1 7{i«^^s*«ci 0 0 tmmttiizmmz 
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fi-tfc'K mmm^i 9nzmrs^xmmkWM^m 
izt&xo £.mz.3m*fr i o o &mzit& . 
[oo54] tti. mm 3 tcta® Lt^wnmim? 

SS*ttioofc, c:coffl^|gs*«ci oofcftit** 

lt^s. sufflniffiasi sasits 

1 7 fcf!#«UiS&5 i: lc«J£S*U i&ltWfl 
#19. 20i&t-^17fc<t#«lSa55Kaj^LTV^ 
h. 1 7«Rlt5^-2 HC«tSWfc«^SnT 
fcO. «Wi#l 9tCg^VvCgB5£§£S*«cl OOfcft 
W^lfiJ^^Ki&Alt^-tf:?. J: a tcRltS ^-2 1 iS: 
S§S>S-£S. £ft&03£fctt04^ife0«;:J:i-Uf. 

®&m zm xmM i 6 twttzmi zzt 
a. 

[ 0 0 5 5 ] Srfc. *&BJHi. l««tc«5feff* ( aS) 
[0056] 

[HBj^a»m] w±^j:dfc:*^w^v^T«. mm 

[ 0 0 5 7 ] got. M£lf*|iKliaftai££lvr , 

onntssw-s d t &x% h . 

[Hi i *mcr>msmz*-t®fm?3>&. 

[02 ] *micomimizt5fth9!m*:*tyo--i-v 

[03 ] rnm2izsmucmnmskmi:^tmm 
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1 0 

Xbh. 

[04] m?m3iZ3muzmi<mm£vrf®im 
[05] *m<mfamzMThmj&mtMmm?) 
[06 ] ^wmrnmiza^hwmru mz^t 
[07] xmmmmizbv&gft^yvTuj&t 
10 [08]*^<oiiifi^(c^(tsietis^^ii^j!^i 

[09] *%BH<0|l8St«t:fc»tSfflSaSrt<05feff««0 
*£S£5rt0-e&£. 

[0io] xm^miizmzmwmmuvy® 

[011] «e*fttfi^^1Sj«0TAS. 

[0i 2] mm&iz&vhffim&nm&tt-mx' 

[013] lae3l®«k:iJ»tSffiS^aiIalS8^1&^JSEi^ 
20 rttWXhl. 

[014] t£3t^{cJ:^mE(e^m(^(tl>j£^ 

[0i 5i msmiztofth*m&£*-mxh&. 

I. 2 J£fiil/yX 
3. 4 gftS 

5 m*mm® 

6 a$£$ttiiift 

7 ®sro y ^0ttajiai 
30 8 mmsm 

10 vm^mm 

II. 12. 13 EMft-f- 

14 ^ffilT^MM* 

15 5tff$^1f« 

16 5tfT* 
17 

is wseum® 

19. 20 fflWi^ 
40 2 1 KSf$7- 
22 

23 wmm 

2 4 ffi{Sya-y^0 
5 5 lUtHS 

ioo gg»g£iga*fe 
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